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Molecular Mechanism of Cardiorenal Syndrome through FIt-1 system: Involvement of
novel LncRNA
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Molecular mechanism of cardio-renal connection is unclear. In this study, we

disclosed the upregulation of placental growth factor (PLGF) and down-regulation of its endogenous
antagonist, soluble fms-like tyrosine kinase-1(sFIt-1). Consequently PLGF/FIt-1 signaling is
activated in chronic kidney diseases. Mice specifically lacking sFlt-1 (sFlt-1 KO) with transverse
aortic constriction (TAC), showed poorer prognosis than wild type mice with TAC. Ventricular
hypertrophy and interstitial fibrosis were worsened in sFlt-1 KO, accompanied by MCP-1 upregulation.
Using the microarray technique, we identified a novel long non-cording RNA X which specifically
down-regulated in the ventricle of sFlt-1 KO with TAC. It directly binds to MEK and ERK
phosphorylation. The treatment with AAV9 vector carrying shLnc RNA X inhibited Lnc RNA X in WT mice
and worsened hypertrophy and cardiac function. MCP-1 and the Lnc RNA X would be possible drug
discovery targets for cardiorenal connection.

sFIt-1 CKD LncRNA



X C-19, F-19—-1, Z2—19, CK—19 (JH)

1. WFZERE Y D 5
Miza 2 G e DIIAE IR IXE R OSER OF) 1/3 2 Lo, £ O CIREMELE & ZIEFR U Th
D05, EEEITEMEESGO 1.7 fFI2E LTS, BIZ, 5% EImE O WL
DWER, ARRITEMO—BE2T-ED , TOEREIIWEL, ERERIKDORTHEIZ
RERBENEZHEDDLZ PG IND, @mIE BT 2 0L IE R TR O REOFIE DN
DERCEETH D, LAEO 7TEIOEHIX, 12EEFHCKD)Z&0F L, LEEE & MR
SINDHE o7, CKD &80T 20 ARRITHEEL LTS, [RIFEEFETHD , #E
RTFHBRARTH D, BRI E & I FL, CKD & &b & & b ITARFEHEMN
THLZEEMKT S L, AR E CKD OG0T 5 LEEBE O IRBA T O] & 2 DO F %)
IRIRIRIEDORF L, ABOTERMBERDORE 25k T RERETH 5,

FRE, CKD TIIEIREE LA L, BIREELE A < 2320, CKD % X1 L7k
REFFE T, L=y - T oA T v % (RAS) IERIC KD BEIEIRE, A ¥ F U IRIRIC
KO DMEAR FEFABEICHDSEDLZEITARETHIN, BRIV ATINENZ EHH
EThHbD, LTN->TCKD »HLIMEA N2 MRIEICEDHFICIE,. RASHESA X T
¥ DRER) & B2 DRIND 53 1T OFEDNHEE SNDHD, T OB R ST
U,

Fexid, 2009 LV, CKD 7 SEREEE & 2 UM T CNEIRE 23 i ZRICTEAE T 2 OB O
71 HEF1Z vascular endothelial growth factor (VEGF)?»~ 7 XV —T#& % placental
growth factor (PLGF) & % D% 5K Tdh 5 Fms-like tyrosin kinase-1(Flt-1) % /3 2 1
RIERD, BEREHZRZL WD &%, RN OFERIFEI VAL TE
(Ono;le K et al Circulation 2009, Matsui M et al Kidney Int 2013, Matsui M JASN
2015) ,

PLGF I H K TH D Flt-1 ITHEE L, EFAEEHRZ 0 Lo mE#id - ask
BEMERFICEE 2@ & 2 L QW D0, MRAOIMAERECIX, mMEFAOM, HERIEHALIER.
RIEABEIER 2 LT, BIREELIRERITE < 2 ERMBNTVAH([E 1), £72, Flt-11
TFEICA > bry 13 TERIRA T T A4 ZIZ X DR R A A X DR S5 R
M Flt-16FLEt-DMNAFAE L, sFlt-1 137 24 & L&, PLGF ONRMEHEFIME TH 5,
PLGF. sFlt-1. Flt-1 (3fii. B oo i N EIa-C ek CREA STV 5,

Fx 23, CKD JERFID PLGF X° sFLt-1 OFEA A fRHT L 755, CKD JEf] TldZ O HiE
FEIZHABEI LT sFlt-1 OpEANE R, M, M CIERT3 52 &, WCEER RRRER Tl
PLGF OFEANE 2 5 2 L KR 7N E BB ARLETT LV CHER LT, S HIC, HiE
CKD JEB oD 11 2 3522 il 8 N BRI L2

N o =1 PIGF, VEGFD{E CKDIZ&#¥ 2DEBBEOEBSH
whns % & sFlit-1 OpEARY L PLGF —

PEA DI — b AT LT fEo . [per ]

CKD TIZESEEIZfE> T PLGF OF = wR .

MIIZ Flt-1 23 E M b L, CKD CTHlE s
NDEREE L OB EZES 5 L C\Wb Z &
FEERWNZFEA L7=2(X 1), Sb5iz, Fx
L. ApoE Bfn K~ R|Z 5/6 B
W TCEEBEREEERT 5 &, Bk &
W CTO sFIt-1 FEAENME T35 & [RIRFIC

Fit-1 (VEGFR1) s

£ T D sFlt-1 B35 7-ic, Fixt E

BIIRAE (LS 5 2 L2 L, U = 2 oKD \\!
> e b sFlt-1 % 5/6 EME% LV 10 Asaer
WG 5 & . BIIRGIR OBEED 1] mEERETL

SNDHZEZHOEMNITLTET,

2. WEoHBY

AWFFE T, R ORRICBEHEEEIR T30 5 PLGF/Flt-1 5% & sFIt-1 52D /3T o A DREHEN .
DR HERIERF 2 AT 5 Z E NN TH D, BAERIZIE, 1) sFlt-1 FRROKRE~T X
(sFlt-1 KO)ZEMEREEEOETT L E LTHAL, 20O~ 7 AJEARLDAETT LV EER L.
F DOFEFRR sFIt-1 O T Tl < 3 T 2 S ISR 5,

F72. 2) B MZBWTIZI O sFlt-1 ORNLEEEICE S LTV & BERMICHRTTT 5,

3. WHEOTIE
1) sFlt-1 KO ORI L OEAM T T LV ER



2 DFRIT, sF1t-1 I F1t-1 En 1D

intronl3 T® alternating splicing
:]fs‘ WCEDAERIND DT, ZOEALT

@ alternative splicing ##EiT 572
WIT, K2 OFEIZ, Ex13 & Ex14 [
PEERE ST trans gene ZAFERL L,
Homologous ZN % knock—in LT sFlt-1 KO &#1E

Recon._.nation
Acc65

Hindlll Acc65! © CC651 Hindlll Acc65! E}i L/f:o : 0)‘7 ]7 7( Lj:IET%"G: Hjﬁi l_/\
Targeting AIIeIe—JTI—I_llj‘_‘JﬁI_ B BIXEFICRE Lz, 7272, B
probe

3’ probe

H HT"H I ?ir'd\\l

Targeting Vector

Cre Recombination ‘onp 7k EFI 0) ~ 7 = 7 7 t‘/“ %ﬁ%@ﬁ— 5 & N

Hu]dm Acziesl Hir'dlll Accle5| ~ a7’y — «‘/E{:] D TNF*Q’?D IL-6 &

Mutant Allele 4 BETRBEMRTTEL TV, —0O< Y
i 2 AT KBRS ¥ THE 42 transvers

aortic constriction (TAC)IZ X AF
Al DAREEVER LT,
2) sF1t-1 KO JEAMRET /LD Tt T < Long non—cording RNA DR & F DREREMHT
sF1t—1 KO (2 TAC LR Z it L, Do R DORIERN R BLEN T D0 F A2~ A 7 a7 LA THREL
DARERR, DIERFEIEIZIBIT D Z D Long non—cording RNA OFERE & fEMT L.LEHEEH D45 %1‘%%
v I
3) PLGF/sF1t-1/F1t-1/MCP-1 %At s D.LBHEBICRIE LT\ 5 2 & DT
t b, REBSEMODAIE DDA Y 7 2 VT, MCP-1 HUk T jue % £ LR+ 5

4. WF7EEk R

1) sF1t-1KO TAC &7 /LD B

AWFFED B SNUDENS, sFlt-1 KO < o7 2133 CIT/ERRIC LD L TAC At % i L 7= T 325k
VIS LT,

sF1t-1K0 12 MC%%M?@&1LWMWT%#§®E?O%%EL“_@ﬁéi%EmWD
LVERIZEE T, o, SMOEEMEESEMNML TN eZ 22X, LAETRE
L= LM ES -, LEEOHMBERNT T3, sFIt-1K0O TIEWT LV BRI~ 7 v 77— DR
N <, MCP-1 OFRBNTLHE L, & SICHRHEHENBEE TH - 7=,

Z D sF1t-1KO.TAC~ 7 A TR SN EN sFlt-1 ZO b DD RENEE L TWDH Z &,
U7y FE LTPLGE MHWTWNAD Z & S B Flt-1 O Rt TMCP-1 3G L TW\WB 2 L %
W9 27-012, VarvF o b sFlt-1 # o0 BIC L5 L A% 2 —FEBR, PLGF T fnfuik &
M@ﬂﬁﬁﬁ%ﬁié@ﬁ%%%%%bto):/bf/k§n1 Tk, TACIZ K ALARE

D, v 7 n 77— V0RO, MM LR ITTTERIIT ey 7 Shi,
3 PLGF#H#I#itk (aPLGF) . L
IgG ) aPLGF ) TAC + IgG ) TAC + aPLGF Ab 4 MCP-I#RWEFHL‘TZEF *Digﬁ

¢ RS o Sham +1aG  Sham + MCP1 Ab TAC +1aG__ TAC + MCP1 Ab
i x - 2 v e ‘__.,‘.‘! R

KO«

IgG aPLGF TAC + IgG  TAC + aPLGF Ab

PLGF & MCP-1{Zxf 3 2 HFnbiRic X 2 FnsEBRCiaX 3, 4 OFRIZ, IFITREI, v~/ a7y

— D LR LI S AU, sFLt-1 OIR TETFTAICBIT A EARICEE I NELARE, <

7177 — OIEMEAL & BRHEIEITIE PLGE/Flt—-1 ROIEMAL L . D F e T < MCP-1 23 5- L

TWBH I ERRBE T,

2) ssFlt-1 KO-TAC = 7 2 T8 < ##l long non—cording RNA X(Lnc RNA X) DI R, & Z Dk
FRAT



AOPZERT AR, TERE LT,

X5 sF1t-1 KO3 H H Ok % H\ T,
A B8 c ssF1t—1 KO- TAC R BAIZFE UL

g ‘ i F3% Lnc RNA X (I 5A) Z [ L

§‘$] : l ze 4 THY |~ 7 ARV S
® Y 7 iias|  SEHEN MECF) D847 % silne RNA

§ £ 32 X AR5 2L (M50, 2L

L § .- ; e . ERK1/2 @V bzl L

T et A st e TS ATHEME A BIZ LTz (K

D ,g; £ i 5),

- fi’ o :; = "_ Lnc RNAX % 3721nucleotides
s R S Lo “Cfo‘ . Northen blot
Exs sn TIIMHYOALEICEZEIND (X
uex - 5B), Z® LncRNA X & MEK Hiff
o — EAWTRELRES TS &

ERK1/2 2339k 2 Z & 23, 3B 5. silne RNA X T LneRNA O3 2 HMH| U CRIBED E8k %
T5 &, WL E D ERKL/2 23MEAIT 25 Z L2 X D, LncRNA X 2>, MEK, ERK1/2 L #EAIK%E K
LTWABIZENRBENTZ, T2 T, 5EIIL. LncRNA X OEESR S filE 37 iz REIE7-
7527 A2k LncRNAX % dig TF L L, MECF X A7 Hi & —BICEXKET5 L. &
FLncRNAX, F723 IRE 7T 7 AL bDOTOUEERHWERRZIZ, 7 b RB3RO 5
. EBIZ. MEK OFUELFRIFHICA v FaX—ardbL, 2D 7 MY RRE BT
A== T N TBH L BBIE XL, LncRNAX & MEK 75 LneRNA X @ 5° I THEAT 5 2 & 23R
Nz,

6 Lnc RNA X% FLVZRNA Electro-Mobility Shift Assay (RNA-EMSA)

("in vitro transcription MECF

O_ o
=ES
e RNA EMSA
VSIS
MECF lysate + + + + + + + + + +
Fulllength + - - - - 4+ - - - -
g~ | I ; ABUq: = o =0 av om m wge B oa =
3 bat
incubation A 3‘-1 _ M =+ _ - - M + - -
A5-2 - - = g o - - - g =
A3'2 - - - - + - - - - +
> oMEKab - - - - - + + + + +
Fullt 1 T_ — —
super shift
A 5'-1 e 1 e[}

A 3'-1I _/
A 5'-2 === 1
A B'-21 s | - P ——

(MECF)

IZ, in vivo T Lnc RNA X ORERER RRFET 572912, AVV9 X7 % —|Z shLncRNA X ZfEA &
BRI H—% W~ AW THE LT,

AAV9 shLnc RNA X 285 L. TACAMZFEML7-, §25&. AV9 shLncRNA X 2595 &,

Sham FHff, TAC FHRHE & % LneRNAX 1 ZIEH O 3EIE TIKF Lz, ZOIKFi sFlt-1 KO 12
TAC A2 M2 -0 L 0 /D UK TOREIZFHVE OO, IRIFFRFEEIZ LneRNAX ORBUIIE T L
T2, E£7-. AAVLncRNA X BEODLEEIZIW Lo#8ML TEBY ., EFIMETF LTV, 51T,
in vivo C% AAV9 shLnc RNA X 285 L7=RETY Bl ERK 235835 Z & SRR S 7z,

Z DOFEIZ, LneRNAX 1X sF1t-1 KO C TAC %k L 7= FFIZHF AL T4 % Lnc RNA C, MEK
WCHEBEREA L, ERK1/2 O U R b 2406 L, DR KRS D AR RO RIEZHHB @ T g = &
DRI X T2,

LncRNA X Ot hDOA T v F—sR— MIHEMAREr V—HRE T, T <ITTImRBI NN,
L72>L., LncRNA X 13 & MRMESERIIEZ VT h | sILNCRNA X EFEER 2 L= 2 & L |
b M MEK IZHFEAT D NS, BIfE, & b MEK (265G LT< % Lnc RNA % fEFEAD I8
KLTWB,

3) PLGF/sF1t—-1/F1t-1/MCP-1 %At b OLBEENIZE G L T\ 5 2 & O

PLGF/sF1t-1/F1t-1/MCP-1 %23t h OB ARRREFLAEOFRIEIZE G LTV 5 AlREMEZ MR L
7o REEARERFI T, 1 RIEDIHIRBE RN T D7D E G SN, ERARER. REEES
T, EEBEEETNED biL, EFEIIRTH > -MEG O LR LG AR, £7-. PEIERLL
FEE () C O/ AR 2 T SRR RIS LT, EORER. IREEAEMEOAIE ©
1%, CD45 [ (T AAR) D% d DOM fHfk & [F% T o 7273, CD68 [fhffifa (v 27 v > 7 —)
IXIRFHE CAEICIREAHEM L TR Y, 2R EWAT LT, MCP-1 BHE#iE 2 L < DCM FHA% X
DEER L T2, THDHDZ ESREIE T, sFlt-1 OFEANRED TS Z & T, LTI



PLGF/F1t-1/MCCP-1 R EMAL L., 7 v 77—V ORECHRMEIICD 72 &b —HITE N -
TWAAREME DS R I Tz,

5. FERFEERIWLHE
UGdEREam ) GE 20 )

(DNakano T, Onoue K, Nakada Y, Nakagawa H, Kumazawa T, Ueda T, Nishida T, Soeda T,
Okayama S, Watanabe M, Kawata H, Kawakami R, Horii M, Okura H, Uemura S,
Hatakeyama K, Sakaguchi Y, Saito Y.

Alteration of B-Adrenoceptor Signaling in Left Ventricle of Acute Phase Takotsubo
Syndrome: a Human Study.
Sci Rep. 8:12731, 2018.

@Seno A, Takeda Y, Matsui M, Okuda A, Nakano T, Yasuki N, Kumasawa T, Hitoshi N,
Nishida T, Onoue K, Somekawa S, Watanabe M, Kawata H, Kawakami R, Okura H,
Uemura S, Saito Y.

Suppressed Production of Soluble Fms-like Tyrosine Kinase-1 Contributes to Myocardial
Remodeling and Heart Failure

Hypertension. 68:678-87, 2016.
(FaFE] Gt 14 1)

(DNakagawa H, Kumazawa T, Yoshioka Y, Ioka T, Nakano T, Onoue K, Saito Y.

Guanylyl Cyclase-A Signaling Attenuates the Deleterious Salt Effect on
Mineralocorticoid Receptor

The 2rd JCS Council Forum on Basic CardioVascular Research, 2018 Sep 22-23 (Nara,
Japan)

@Nakano T, Onoue K, Hatakeyama K, Okura H, Sakaguchi Y, Saito Y.
Invblvement of Attenuation of S -Adrenoreceptors Signaling in Development of
Takotsubo Syndrome.
The 2rd JCS Council Forum on Basic CardioVascular Research, 2018 Sep 22-23 (Nara,
Japan)

@Kumazawa T, Nakagawa H, Nakada Y, Nakano T, Ishihara S, Onoue K, Saito Y.
New Insight into the Molecular Drug Target of Cardio-renal Syndrome.
The 20d JCS Council Forum on Basic CardioVascular Research, 2018 Sep 22-23 (Nara,
Japan)

@®Kumazawa T, Nakagawa H, Nakada Y, Nakano T, Ishihara S, Onoue K, Saito Y.

A Novel Long Noncoding RNA Protects the Heart from Heart Failure Accompanied by
Renal Dysfunction.

The 20d JCS Council Forum on Basic CardioVascular Research, 2018 Sep 22-23 (Nara,
Japan)

®Kumazawa T, Nishimura K, Nakagawa H, Nakada Y, Nakano T, Ishihara S, Onoue K,

Saito Y.

Nucleolus-mediated Cellular Senescence is involved in Heart Failure.

The 20d JCS Council Forum on Basic CardioVascular Research, 2018 Sep 22-23 (Nara,
Japan)

@reMEMM, T, PEEA, hEPEE, B LRI, AR Z
Reduction in Novel Long Noncoding RNA Exacerbate Cardio-Renal Syndrome
55 82 [nl H ARBR 2 A2 AN 2 2018 48 3 H 23~25 H (KFK)

(MNakada Y, Onoue K, Kumazawa T, Ishihara S, Kamon D, Nakano T, Nakagawa H,
Okura H, Saito Y.

Oral Carbon Absorbent Protects the Progression of Atherosclerosis via Preserving sFlt-1
Expression.

The 1st JCS Council Forum on Basic CardioVascular Research, 2018 Jan 6-7 (Tokyo,
Japan)

®Kumazawa T, Nakagawa H, Nakada Y, Nakano T, Onoue K, Saito Y.

A Novel Long Noncoding RNA LncX Suppresses the Progression of Cardiorenal
Syndrome.

The 1st JCS Council Forum on Basic CardioVascular Research, 2018 Jan 6-7 (Tokyo,
Japan)

©®Nakada Y, Onoue K, Ishihara S, Kamon D, Nakano T, Nakagawa H, Kumazawa T,
Okura H, Saito Y.

The influence of oral carbon adsorbent, AST-120, on the production of Soluble Flt-1 and

the progression of atherosclerosis.

5521 8] BALMAE NREI R A s 2017412 3 8 H~10 B (KKR)
(Kumazawa T, Nishimura K, Saito Y.

Nucleolus Mediated Cellular Senscence is Involved in Cardiac Hypertrophy



American Heart Association Scientific Sessions, 2017 Nov 11-15 (Anaheim, USA)
@Nakada Y, Onoue K, Kumazawa T, Ishinara S, Nakano T, Nakagawa H, Matsui M,
Okura H, Saito Y.
Oral Carbon Absorbent, AST-120, Protects the Progression of Atherosclerosis in a
Chronic Renal Failure Model of Mice via Preserving sFlt-1 Expression Level
American Heart Association Scientific Sessions, 2017 Nov 11-15 (Anaheim, USA)
@Kumazawa T, Saito Y.
Nucleolus-mediated cellular senescence signal contribute to Cardiomyocyte hypertrophy.
55 33 [RIE RS DB 7072 H A2 2016 4F 12 A 16~17 H (HUR)
O LR, IR, RN, TEARE. A RAREE, LR, FEkseE
AR B EZ I 5 PIGF/Flt-1 R O45E|
%5 20 LA N WREF SRS 2016 42 12 3 16 H~17 A (Rn0)
@Saito Y.
Natriuretic Peptide System: Its Role In Heart Failure And Acute Myocardial Infarction.
International Society for Heart Research XXII World Congress, 2016 Apr 18-21 (Buenos
Aires, Argentina)

(X¥EF) Gt 0 )

(2 3£ A PEME)
OHRRy. G 0 )
LR —

FEHE . —
R . —
FE¥E . —

B —

HIFEAE © —
EWNsOR] . —
ORI G 0 )
LR —

FHE . —
PRI . —
FE¥E . —

B —

BUSE . —
EWNADR] : —

(& D]

http://www.naramed-u.ac.jp/~1lint/index.html

6. WF7EHHRK

(1) wHgesr

W R4 - RElE il

0 —< K4 : Kumazawa Takuya
FTEIF B4 - R BIRSIEER RS
R4 - SR

W4 Bh#

FFeE& S (841) : 10745441

(2) WHgesr i

s HE R4 - Bl @R

7 —<F K4 : Onoue Kenji
FTEAF7ER B4« SRR IRSTEER KRS
WIR4 o R

W4 - Bh#

WrFEE 25 (847) : 90510173

KBTS L DWFEE, IEEORR L BECBOTERT 2O TY, 207D, WD ERRLHTERRDARKEIC
DNTIE, EOZEFEFICHESS O TR, ZONEARICET 2 RMOHMmiT. HEE AR SNET,



